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nism of injury. Mortality was 18% in those patients 60 years and older versus 5% for those patients less than 60 years old. 94% of the patients 60 years and older sustained a cervical SCI. 42% of those SCI associated with a fracture were above C5 in those over the age of 60.
Conclusions: The elderly (60 years old and older) now constitute an increasingly large proportion of hospitalized SCI cases at a tertiary care center in Canada.
Comments: The highest absolute number of SCI was still seen in the 20 to 40 year olds. However, the greatest age adjusted incidence of SCI occurred in the elderly -a shift in the proportion such as this has wide reaching implications in terms of etiology, severity of SCI, distribution/types of injuries, length of stay, and mortality. This study is consistent with data from the National Spinal Cord Injury Statistical Center for North America showing the proportion of individuals with SCI over the age of 60 went from 4.7% in 1980 to 10.9% in 2000. This should be kept in mind as SCI prevention strategies are discussed and implemented.
Pearls: A larger proportion of SCI are now occurring in the elderly population. These injuries tend to be cervical. The patients have a longer length of stay and a higher mortality rate.
Vertebral Augmentation
The following two articles are presented as a group.
Context: The following two articles address vertebral augmentation. Vertebral augmentation can be performed currently using two methods: Vertebroplasty and Kyphoplasty. The key difference is that during the kyphoplasty procedure a balloon is inserted into the vertebral body and inflated acting as a bone tamp. This allows, if possible, partial restoration of vertebral height beyond a postural reduction and also compacts the cancellous bone. In theory as shown in a published study this decreases the incidence of cement extravasation. The advantages of vertebroplasty are that similar clinical outcomes are obtained at a fraction of the cost. Both these techniques are being closely evaluated as the incidence of osteoporotic vertebral fractures has increased and is associated with substantial morbidity.
Kyphoplasty Treatment of Vertebral Fractures: 2-year
Outcomes Show Sustained Benefits. Ledlie J, Renfro M. Spine. 2006; 31:57-64. Study Design and Results: Retrospective case series. 117 patients and 151 fractures (T5-L5) that underwent kyphoplasty for osteoporotic and pathologic compression fractures were followed for 2 years. Significant improvement in pain (VAS scores 68% complete relief at 1 week, 90% at 2 years), ambulation (increased from 45-85% at 2 years), and the need for pain medications (decreased from 81-10%) were observed. Vertebral height was maintained through the follow-up period with evidence of "normalization" of the vertebral body shape. Additional fractures at untreated levels occurred at rate of 4.5%/ year (67% were adjacent fractures). Asymptomatic cement extravasations occurred in 11.8% of the cases. No major complications occurred directly related to the procedure.
Conclusions: The author concluded the short-term benefits seen in their previous study with a 1 year follow-up were maintained at 2 years follow-up.
Percutaneous Vertebroplasty: Functional Improvement in Patients with Osteoporotic Compression Fractures. Alvarez L, Alcaraz M, Perez-Higueras A, Granizo J, de Miguel I, Rossi R, Quinones D. Spine. 2006; 31: 1113 -1118 Study Design and Results: Prospective double cohort study with 101 patients undergoing vertebroplasty and 27 patients who refused vertebroplasty and were managed conservatively. Strict inclusion criteria were used. Each patient underwent 6 weeks of conservative care and had an MRI documenting an acute fracture. The patients who elected to have vertebroplasty had substantially more pain and functional impairment compared to those treated conservatively. Post-operatively compared to the conservatively treated group the operative group had statistically significant improvement in pain and function at 3 months, but not at 6 months and 1 year. One patient developed a neurologic deficit from cement extravasation. Five patients (5%) experienced a "transitory radicular neuritis." 30% of operative patients versus 11.1% of non-operative patients sustained a new fracture.
Conclusions: The authors concluded vertebroplasty demonstrated an excellent rapid short-term (1 year) improvement in pain and function the primary benefit of which was within the first 3 months post procedure compared to the nonoperative group.
Comments: It is important to note both studies evaluate vertebral augmentation but the first is utilizing kyphoplasty and the second vertebroplasty as described above. That being said, these studies provide insight into the clinical utility and limitations of vertebral augmentation generally. The most dramatic limitation of the first study is the lack of a control group. This is true of the majority of literature on vertebral augmentation. The second study does in actuality utilize a control group, but it is not a randomized study. Both articles show vertebral augmentation provides excellent rapid short term results in terms of pain relief and improved function with a low complication rate. Key questions, however, remain -that are related to the one question -how does vertebral augmentation compare to the natural history of compression fractures? Other related questions include: (1) Does vertebral augmentation increase the risk of adjacent fracture as seen in the second study, but not presumably the first? (2) Is correction of localized kyphosis clinically important? (3) Is vertebral augmentation actually beneficial or harmful in the long-term compared to other treatments (the first study cannot address this question by study design where as the second study suggests that beyond the short term rapid relief there is no long-term differences)? (4) Is kyphoplasty worth the increase cost compared to vertebroplasty in terms of safety and efficacy? In these two studies the vertebroplasty group had one transitory paraparesis requiring surgical decompression and 5% "transitory radicular neuritis." This was not reported in the kyphoplasty study. These are important largely unanswered questions.
Pearls: Multiple studies have shown good to excellent short-term (< 2 years) results with a low complication rate with vertebral augmentation. Questions remain about the long-term efficacy.
BMP-2
The following three articles are presented as a group.
Context: Bone morphogenetic protein-2 (BMP-2) has primarily been investigated in lumbar interbody spine fusions where it has been shown to enhance fusion rates, decrease length of surgery, blood loss, and hospital stay.
Its success as an autograft substitute has been rapidly accepted and its indications expanded to include posterolateral lumber fusions as well as anterior cervical fusions. However, as shown in these studies the application of BMP-2 must be individualized to its local environment. Context: BMP-2 has been previously shown in a published study to be equivalent in terms of both fusion rates as well as clinical outcome to autograft when used in the anterior cervical spine.
Adverse Effects Associated with
Study Design and Results: Retrospective review of 151 patients who underwent anterior cervical discectomy and fusion (138) or anterior cervical vertebrectomy and fusion augmented with "high does" BMP-2. A resorbable cage, contained allograft, or a mesh cage was utilized. There were substantial complications thought to be related to the BMP-2. A total of 35 (23.2%) of patients had a complication -15 with a hematoma (8 were treated surgically), 13 had a prolonged hospital stay or readmission secondary to swallowing and breathing difficulties or dramatic soft tissue edema.
Conclusions: The rate of complications in this series implies a causal relationship to the use of BMP-2 Context: BMP-2 is FDA approved for use from L4-S1 in the interbody position within an LT Cage. This study compares the use of BMP-2 versus autograft within a cortical cancellous threaded bowel dowel. Previous animal studies have been successful.
Influence of rhBMP-2 on the Healing Patterns Associated with Allograft Interbody Constructs in
Study Design and Results: Prospective randomized trial of 131 patients who underwent a single-level anterior interbody lumbar fusion with a cortical cancellous threaded dowel. BMP-2 was used in 79 patients and autologous bone graft was used in 52 patients. In the BMP-2 group 14 (18%) developed a transient localized area of bone remodeling within the vertebral body adjacent to the allograft dowel. No patients who received autograft had similar lytic areas. At 24 months, all the BMP, 2 patients, whereas 79% of the autograft group went to radiographic fusion. The BMP-2 group showed overall better clinical outcomes based on the Oswestry disability index and SF-36.
Conclusions: Use of BMP-2 within a cortical cancellous threaded dowel led to a faster and more successful fusion rate. However, the healing patterns differed from that seen with the use of threaded cages. Whereas with cages the most robust bone formation was within the cage, with the threaded allograft dowels an area of resorption was seen in some cases. Healing occurred at the allograft bone interface and lateral to it. Context: As mentioned above, BMP-2 has been shown to decrease time to fusion and fusion rates in the interbody position for both the LT Cage as well as cortical cancellous dowels. This study evaluated BMP-2 and femoral ring allografts, another common interbody graft. However, femoral ring allografts are not commonly accepted as stand-alone devices as used in this study.
Graft Resorption with the Use of Bone Morphogenetic Protein: Lessons from Anterior Lumbar Interbody Fusion Using Femoral Ring Allografts and Recombinant
Study Design and Results: Prospective cohort examining the results and radiographic characteristics of anterior lumbar interbody fusion (ALIF) with a femoral ring allograft and BMP-2 compared to historical controls using a femoral ring allograft and autologous bone. Nine patients underwent ALIF, femoral ring allograft and BMP-2. Twenty-seven patients who had previously undergone ALIF, femoral ring allografts and autogenous bone were used as a control. 56% of patients with BMP-2 had radiographic evidence of pseudarthrosis compared to 36% of the autogenous bone group at a minimum of 24 months. Based on these results the study was terminated. Radiographs and CT of the BMP-2 group showed "aggressive resorption" of the femoral allograft before evidence of a frank pseudarthrosis was identified.
Conclusions: BMP-2 did not enhance and perhaps increased the incidence of pseudarthrosis in stand-alone femoral ring allograft interbody fusions.
Comments: In Shield et al's study, the key difference between the previously published study was in the application of the BMP-2 in terms of carrier and dose. In Shield et al's study, the doses were sometimes 3 times greater than those in the previous study. Moreover in many cases it was not placed in a "contained" environment (ie, inside a graft or cage) with no direct access to the surrounding cervical soft tissue. In some cases the sponge was also placed around the cage and would have come into direct contact with the soft tissue. In the study by Burkus et al local lytic changes were seen with the use of allograft dowels that had not been previously seen with the use of threaded cages. These changes in this study were not found to be clinically relevant. However, in the last study by Pradhan et al, these changes appeared to be relevant with the use of a femoral ring allograft, not a threaded dowel. The fusion rate with BMP-2 in Pradhan et al's series was actually lower than the control group. Moreover "aggressive resorption" was seen in some cases, similar to the findings of Burkus et al. BMP-2 has proven efficacy as approved by the FDA in a stand-alone LT Cage. As shown in these studies, each specific application of BMP-2 requires a specific dose, carrier and graft device specific to the local environment. That is to say, the dose, carrier and graft device needed in the interbody lumbar, posterolateral lumbar, and anterior cervical positions differ. To add to this, there is also some evidence the dose and carrier needed in revision lumbar surgery may be different than for primary fusions.
Pearl: BMP-2 is an exciting tool in the spine surgeon's armamentarium. However, its successful application critically depends on its local environment, proper position, dose, carrier and graft/device. Inappropriate application can lead to substantial complications. Context: There is a lack of consensus on the choice of surgical approach for the treatment of spinal deformity.
Scoliosis Complications in Spinal Fusion for Adolescent Idiopathic Scoliosis in the New Millennium. A Report of the Scoliosis Research Society Morbidity and Mortality
Study Design and Results: All surgical cases submitted to the Scoliosis Research Society (SRS) were reviewed (58,197) from 2001-2003. 10 .9% (6334) were identified as having undergone an anterior, posterior, or combined spinal fusion with instrumentation for the diagnosis of adolescent idiopathic scoliosis (AIS). All reported complications were reviewed. Posterior fusion was the most common (69%) procedure. 5.7% of all patients had a complication. The most common complication of the posterior approach was a wound infection (1.35%); the anterior and combined approach was a pulmonary complication (1.55%, 3.5% respectively). Combined procedures had the largest number of complications (10.2%) as well as neurologic complications compared to both anterior or posterior procedures which was statistically significant. There were 2 deaths both in the posterior group.
Conclusions: Combined approaches have a higher complication rate than both anterior or posterior approaches for AIS with instrumentation.
Comments: This data was submitted voluntarily by the members of the SRS. It is likely a subset of all the cases performed by SRS members. Characteristics of the curve as well as the details of the surgical procedure were not evaluated. It is safe to assume those patients treated with a combined procedure had a greater "severity." Long term complications were not evaluated. Nevertheless, this is the largest series reporting complications of AIS treated with instrumentation and serves as baseline data for counseling patients and developing a surgical plan.
Pearls: Combined approaches have a higher complication rate including neurologic complications when compared to anterior or posterior approaches for AIS with instrumentation. The most common complication of the posterior approach is wound infection whereas pulmonary complications predominate in the anterior and combined approaches. Context: Pedicle screw instrumentation offers the advantage of 3-column purchase. Pedicle instrumentation has been shown to be safe and effective, but had not previously been compared to hybrid constructs in the treatment of adolescent idiopathic scoliosis (AIS).
Comparative Analysis of Pedicle Screw versus Hybrid Instrumentation in Posterior Spinal Fusion of Adoles
Study Design and Results: Retrospective matched cohort study comparing 2 year postoperative results of posterior reduction and fusion with segmental pedicle instrumentation (29) versus hybrid constructs with proximal hooks and distal pedicle screws (29) for AIS. Patients were matched on age, fusion levels, Lenke curve type, and operative methods. The pedicle screw group had better major curve correction (65% versus 46%). There was no difference in lowest instrumented vertebra, operative time, and estimated blood loss or complication rate. At 2 years the pedicle screw group also demonstrated improved pulmonary function compared to hybrid constructs. No differences were shown in clinical outcome scores.
Conclusions: Pedicle screw constructs can offer substantial improvements over hybrid constructs.
Comments: This is an excellent study looking at pedicle screw instrumentation versus hybrid constructs. It should be noted the surgeons are comfortable and proficient in pedicle screw placement in the thoracic spine. It also should be emphasized there was no difference in clinical outcome scores. Therefore, surgeons should perform hybrid constructs if they are uncomfortable with pedicle screw instrumentation. Pearls: Posterior pedicle screw instrumentation for AIS provides for an improvement in coronal correction and pulmonary function over hybrid constructs in this study population. The goal of scoliosis surgery is to obtain a balanced spine, preserving the most motion segments, and preventing progression/add-on levels/further surgery while performing the operation safely. Context: One of the most common and substantial complications of lumbar microdiscectomy is recurrent herniation. Carragee's previous studies emphasized all disc herniation are not created equal. The specific disc herniation types based on intra-operative findings determined outcomes and rates of particular complications specifically re-herniation. The highest recurrent herniation rate in Carragee's classification occurred in those with a large annular tears (> 6 mm) and extruded fragment. This is his third study in this vein looking at the outcomes of a subtotal discectomy (curettage of the disc space not endplates) versus a limited discectomy (removal of free fragments only with a pituitary).
Disc Herniation
Study Design and Results: Prospective observational study of 30 patients undergoing posterior lumbar subtotal discectomy for a lumbar disc herniation compared with 46 historical controls treated with limited discectomy for a large annular tear with an extruded or sequestered fragment. The recurrent herniation rate was 9% in the subtotal discectomy versus 18% in the limited discectomy group. Back pain scores and Oswestry scores, however, were significantly worse in the subtotal discectomy group. Time to work was longer, pain medication use was greater at 12 months. Patient satisfaction was higher despite the recurrent herniation rate in the limited discectomy group.
Conclusions: Aggressive removal of disc material may decrease the recurrent herniation rate, but it also may substantially worsen patient outcomes at 12 months.
Comments: This study addresses the classic question: "How much is enough? How much disc should I take?" Patients are commonly the one to ask this question. Subtotal discectomy versus limited discectomy is a trade-off between risks.
Pearls: Disc herniations are not all created equal. Subtotal discectomy decreases the recurrent herniation rate, but overall outcomes appear to be worse. Context: As discussed in the Carragee et al. study, recurrent herniation is a major cause of surgical failure after discectomy. Depending on the type defined intraoperatively according to Carragee, recurrence rates vary between 7% to 30%. This study addresses the results of revision microdiscectomy in a well defined population of patients who are treated for a recurrence.
Study Design and Results: Retrospective study of 27 patients who had undergone revision discectomy (with 2 months of post-operative relief, recurrent complaints of radiculopathy and an MRI with gadolinium showing a recurrent herniation at the same level and side as the previous discectomy) and were compared to 30 matched controls (age, gender, surgeon, disc level, and length of postoperative follow-up) who had undergone a primary discectomy. Satisfaction at revision surgery did not differ from that for primary discectomy. Although not statistically significant there was a trend for revision patients to have more residual and frequent symptoms (back, leg, weakness, numbness and tingling).
Conclusions: Revision discectomy is as efficacious as primary discectomy in selected patients based on outcome scores and patient satisfaction.
Comments: This study has a number of important limitations including lost to follow-up (> 50%) in both groups and limited numbers of patients. If a greater number of patients were included, the difference in outcomes may have been statistically significant and therefore the conclusions of the paper may have been drastically different.
Pearls: In a carefully selected group of patients, revision discectomy can be as successful as primary discectomy particularly in terms of patient satisfaction. However, as this study shows, there is trend for these patients to have greater residual symptoms. Context: Donor site morbidity from obtaining autogenous iliac crest bone graft (ICBG) is a concern. During a posterior decompression a substantial amount of local autograft bone can be or is obtained. This study addresses whether or not using only local autograft obtains similar results as ICBG in posterolateral instrumented lumbar fusions.
Degenerative Lumbar Disease

Outcome of Local Bone versus Autogenous Iliac Crest Bone Graft in the Instrumented
Study Design and Results: Retrospective review with minimum 2 year follow-up of patients who underwent posterior decompression and fusion with pedicle screw constructs and local autograft in a posterolateral position (40 cases) or ICBG (36 cases). In those patients undergoing single level fusions there was no difference in fusion rates based on radiographic criteria. For multilevel fusions the local autograft had a lower fusion rate. There was no difference in clinical outcome. Success of fusion did correlate with clinical outcome.
Conclusions: For single level fusions local autograft was comparable to ICBG.
Comments: There are important limitations to this study. Patients were not randomized and therefore multilevel fusions or if an inadequate amount of local bone was obtained the surgeon had the choice of going to the ICBG. The number of patients was small. Thirty-six cases were removed because no flexion/extension lumbar films were available at 2 year follow-up. CT was not used to assess fusion. That being said, this study is another study in a series of studies from Dr. Herkowitz which refines the treatment of lumbar decompression and fusions.
Pearls: Local autogenous bone, if obtained in adequate quantity, can substitute for ICBG in those patients undergoing lumbar decompression with pedicle instrumentation and posterolateral fusion -particularly single level fusions.
